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SYNOPSIS

This report presents comparative data on maximum test
density, the optimum moisture content needed for maximum density,
and relative compaction using two specific test methods. The two
test methods are:

glg California Impact Test (216-F)
2) Experimental Califormia Soil Moisture-Density
{M~D) Test.

The comparative data compiled from the above mentioned
tests was obtained from over forty going contracts in nine districts.
The type of material tested ranged from clays to sands, and all
tests were performed under field conditions.

The California Standard Sand Volume Test (Calif. 216-F)
was used to determine the inplace density.

INTRODUCTION

If one were to ask a group of resident engineers to
name a specification which is the most difficult to enforce,
probably the answer would be obtaining and also maintaining the
required relative compaction of an embankment constructed from silty
or clayey material.

In a few districts where sand is readily available,
contractors do not have a problem in obtaining and maintaining
90 to 100% relative compaction using minimum compactive effort.
However, in other districts where most of the embankments are
constructed from silts and clayey materials, contractors have
found it difficult to meet the required relative comwpaction when
using the California Impact Test results for the maximum test
density.

This difficulty of obtaining the required relative
compaction for silts and clayey soils, and the ease of meeting the
required relative compaction for sands, has not only been a per-
plexing problem to the contractor but has also been the subject
of a great deal of research by engineers from the Materials and

Research laboratory.

The first attempt to correct this problem began with
changing the test procedure of the California Impact Test. This
included increasing the number of layers from 5 to 10 when a soil
sample had a sand equivalent equal to, or greater tham 25. By
setting a sand equivalent limit, only the sandy soils would be
affected by the additional layers. It was believed increasing the
number of layers would increase the compactive effort, and in
turn would increase the density of sandy soils. This procedure
was discontinued after the problem was found to be more complex
than was originally considered.
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A variety of procedures were tried using different mold
shapes, the thought being that possibly side wall friction caused the
low densities in sandy soils. None of the various shaped molds. or
procedure changes resulted in any appreciable increase in densities
for sandy soils.

] ;n.December 1961, a flexible wall compaction mold was designed
and bullt (Figure 1) using the same principle as found in the Stabilo-
meter. Results from soil samples compacted in this flexible wall
apparatus were as follows:

(1) The weight per cubic foot for clayey soils was reduced
approximately 10 pounds. )

(2) The weight per cubic foot for sandy solls was
" approximately the same as results determined by the
California Impact Test,

The objectionable features of the first flexible wall model were:
(1) 'The size of the 80il samplie was too small (L/35 cu. ft.)

(2) Difficulty in removing metal retaining sleeve after
" " compacting the first lift, and when removing the sleeve
" the sample would be disturbed, causing an error when
calculating the density.

(3) Extremely difficult to remove the samples from apparatus.

To alleviate these objectionable features, a second model
similar to the one shown in Figure 2A and 2B was built in which a
flexible tube (oil filled rubber tube 2' diameter) was placed in the
center of the metal mold (6" diameter).. This arrangement permitted the
soll specimen to be compacted around the oil filled tube. Initial
results from the second experimental compactor were encouraging. Results
indicated that the density for sands was increased approximately 3 pcf.
and the density for clays was reduced approximately 9 pcf.

An extensive evaluation study of the second experimental model
required a two phase study which included:

(1) Laboratory investigational study.
(2) Field investigational study.

Data from both ﬁhases will be presented.
CONCLUSION

From the data presented by this study, it is conc}uded that:

(1) The maximum test density for sands as determined by the
Experimental Impact Test is usually higher than the results obtained by
the Standard California Impact Test; the range being from -3 to +8 pcf.

and the average being +4 pcf.
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: (2) The maximum test density for clays, as deter-
minéd‘ﬁyfthg:Ekperih@ﬂtaI.Impact Test (M-D), is léwer than the
results obtained bﬁ the California Impact Test; the range being
-4 to -18 pcf. with an average of -12 pef.

(3) A statistical study made on all types of clays
(approximately 90 samples), shows when using the %glifornia e
Impact Test results for the maximum test density, 477 of the
samples tested failed to meet the required 907 relative com-
paction. However, when using the Experimental Impact Test
results for maximum test density, only 147 of the samples
from the same locations failed to meet the same requirements.

(4) When comparing the two test methods on 40
contracts, in nine different districts, the results show that
for all types of soils, (approximately 100 samples), 417% of
the locatilons tested failed to meet the required relative
compaction of 90% when using the California Impact Test results
for the maximum test density. 5% of the locations tested
failed to meet the same requirements when using the Experimental
Impact Test results for maximum test density.

(5) Results show that contractors, during compaction
usually increase the moisture content for clayey solls by approxi-
gately 7.0% above which is recommended by the Californmia Impact

est (]

(6) The average optimum moisture content for clays,
- as determined by the Experimental Impact Test is approximately
8.0% higher than results by the California Impact Test.

(7) It may be, our compaction requirements for
expansive clays, when using the California Impact Test for
maximum test density, are much too stringent, particularly when
such demanding requirements may not be necessary. On the basis
of studies by Dawson (1), Seed and Chan (2), and Singh (3), it
seems that the swelling potential of clays can be reduced and
the strength can be increased when compacted moderately and on
the wet side of optimmum.

LABORATORY STUDIES FOR EVALUATING THE
EXPERIMENTAL IMPACT APP S

The objectives of the first phase of this study were:
(1) Develop a workable test procedure.

(2) To determine the reproducibility using several
technicians to perform compaction tests on
various types of soils.

(3) To test as many soils as possible from the

‘ various districts by both the standard and
experimental test methods.

w3
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1. Procedure.

] The first series of samgles were compacted in three layers
with the thickness of each layer being approximately 1.33 inches. The
weight, drop of the hammer, and the number of blows per layer, and
leveling off blows remained the same as used by the California Impact
Test procedure, i.e.,

(&) A 10 1b. hammer, falling 18"
{(b) 20 blows per layex
(¢) 5 blows for leveling off load.

When compacting the first two layers, a metal collar is used
to restrain the top portion of the oil filled tube from bulging. This
collar, however, is removed when compacting the third and £final layer.
When compacting the first two of the three layers, it was practically
impossible to place the metal restraining collar at the proper height
on the oil filled rubber tube. By modifying the number of layers
from three to two, and increasing the total height of test specimens
from 4.00 to 4.25 inches, the problem of the restraining collar was
virtually eliminated.

When removing clayey samples from the new apparatus, it
was noted there were an excessive amount of voids, usually under the
larger aggregates. It was found by rodding each of the two layers
with a 3 %” rod for 20 blows prior to compaction, the amount of voids
were decreased.,

The density results using the two-layer procedure were:

(a) The density for sands was increased approximately
3 pcf. more than density obtained by the California
Impact Test.

(b) The density for clays and silts was approximately
8 pcf. less than the results determined by the
California Impact Test.

The results obtained by the two-layer procedure were in line with the
results we had hoped for in clays, silts and sands.

2. Reproducibility

After the two-layer procedure had been adopted, soil samples
were quartered and sealed “n cans. One technician compacted two soi}
samples with identical moisture content. After completion, the second
technician compacted the two remaining specimens from the qugrtered
soil sample using the same moisture content as used by the first
technician. Various types of soll samples were treated in this manner.

.
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The results showed there was approximately 2 pcf., variation
when all material passed the #4 sieve., However, for all the samples
tested, (including samples with 3/4" aggregatess, the average variation
was approximately 3 pcf. The probable cause for better reproducibility
when removing the plus #4 material ds due to the orientation and/or
slight degradation of larger aggregates.

. Results indicate that if soil samples contain plus #4
materials, one can expect to have an average variation of 3 pcf. when
using the Experimental California Soil (Moisture-Density) Apparatus.

3. Laboratory and Field Comparison Study

A. Laboratory Study.

During the early part of 1962 soll samples were requested
and received from various districts to determine the density by both
test methods:

(a) California Impact Test

(bj Experimental California Soil Moisture-
- . Demnsity (M-D) Apparatus.

The dry density results determined by the Experimental Impact
Test were as expected, with sands being approximately 3 pcf. heavier,
and clays from 5 to 12 pcf. lighter when comparéd with results ob-
tained by the California TImpact Test.

B. Field Study

In the summer of 1962, we were permitted to integrate our
field study with a crew from the Foundation Section, who were conducting
correlation studies on going contracts in Districts 03 and 10, comparing
inplace densities by different methods, namely:

(a) Nuclear Test.
(b) Sand Volume Test.
The inplace moisture content was determined by:
(a) Nuclear Test.
(b) Oven Dry Test.

Approximately seven inplace density measurements were made at each
location. The distance between each inplace density was approximately
9 feet. At one of the Sand Volume test holes, a large sample was
obtained, thoroughly mixed and then quartered. The samples were

tested as follows:

(1) The district field laboratory crew determined the optimum
moisture and density by the California Impact Test.

ClihRD

NfasHo-eem


http://www.fastio.com/

ClibPD

YARYAYY
-

) (2) The headquarters laboratory crew determined the optimum
moisture and density by the Experimental California Soil Moisture-
Density Apparatus under field conditions.

] ] (3) Samples were sent to headquarters laboratory for testing
which included optimum moisture and max density results deter-
mined by the California Tmpact Test and by the Experimental TImpact

Test,

Each of the temn contracts selected in the two districts were
teszﬁd approximately every two weeks for a period of about three
months.

FIELD RESULTS FROM DISTRICT 03 AND 10

i1 The results of this study are presentec in the attached
tables.

Table 1-A

Column 1 = Materials and Research test numbers.
, 3, 4, 5, 6, 10, 11 = Tests which were completed in head-

QuaTrters laboratory.
7, 9 = Results from California Impact Test. Tests were
performed in the field by district field laboratory crew.
8 = Density (Dry) determined by the Experimental California Soil
M-D Apparatus,
12, 13 = Results determined by headquarters crew.
1%’ ~Belative compaction results when using California Impact
Test, (Column 7) as the maximum test density.
15 = Relative compaction results when using Experimental Impact
Test, (Colum 8), as the maximum test density.

The Experimental Impact Test results were about 6 pcf. less
and required about 5% more moisture than the results obtained from the
California Impact Test., When using the California Impact Test for the
maximum test density, 75% of the locations tested failed to meet the
required relative compaction, while 62% failed when using the
Experimental Impact Test for the maximum test density.

Table 1-B .
' The Experimental Impact Test density results were about 4 pef.

less, and the optimum moisture content averaged about 8% more than the
results determined by the California Impact Test. On this pa?tlcular
contract, a considerable difference in weight per_cublg foot is moted
between the field and headquarters laboratory California Impact Test

results. ( Columm 7 vs. 10).

fastio-ce-ha
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. When using the California Impact Test for the maximum test
density, 65% of the location tested failed to meet the required relative
compaction, while 41% failed when using the Experimental Impact Test for
the maximum test density.

Table 1-C
The difference between the two impact tests averages about 3

pef., with the'Experimental Tmpact Test being the lighter of the two.
The optimum moisture content for the two tests is about the same.

. As is shown, the California Tmpact Test failed 30% of the
locations for not having the required relative compaction, while the
Experimental Impact Test failed 10%.

Table 1-D

_The difference between the two impact test results was about
3 pef., with the Experimental Impact Test results being lighter. The
optimum moisture content determined by both tests was approximately the
same.

When using the results from the California Impact Test
for the maximum test density, 25% of the locatioms tested failed to
meet the required relative compaction, while 20% failed when the
Fxperimental Impact Test results were used for the maximum test density.

Table I - A, B, C, and D

These tables show the resultsof tests which have been compiled
from four going contracts with District 10. Data shows that the
Experimental Impact Test results range from 1 to 6 pcf. less than the
California Impact Test results.

The average for the four contracts in District 10 which falled
to meet the required relative compaction when using the California
Impact Test results for the maximum test density is 54%. When using the
Experimental Impact Test results for the maximum test density 33% failed.

It is noted that approximately the same percentage of locations
were failed by both impact tests in District 03, as shown in Tables 1-A;

1-B; 1-C; 1-D.
FIELD RESULTS FROM VARIOUS DISTRICTS

Figures 3 through 8 are the plotted results from going contracts
in nine districts. Not included in this report axe the results from
impact tests which were performed in the laboratory. The reason for

omitting laboratory test data from this report was to compare
the two impact test results under actual field conditions, thereby
limiting the variables that may occur when attempting to compare field

versus lab data.
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Figure 3 represents the variation in weight per cubic
foot determined by the Experimental California Soil M-D Apparatus
for various types of soils., This variation is compared with the
results of the California Impact Test represented by the "o"
line. Figure 3 shows that the average density for sands and
sandy silts are increased by the Experimental Impact Test from
-3 to +8 pef with the average being +4 pcf.

The probable causes for the difference in density for
sands when cowparing the two impact test methods are:

(a) The Experimental Impact Apparatus with its larger
mold (6" diameter), amd oil filled center tube, allows the sand
particles freedom of movement during compaction. This movement
or reorientation of the sand particles aids the sample in being
compacted into the smallest possible volume.

(b) The small diameter (2-7/8"), and the solid metal mold
makes freedom of movement for sand particles practically im-
possible in the California Impact Test. Without proper orient-
%tiog of the sand particles maximum density would be difficult
o obtain.

As shown, the Experimental Impact Test density results
are usually higher for sandy soils than those obtained by the
California Impact Test. However, the compactive effect the
Experimental Impact Apparatus (10,300 Ft/1lb per cubic foot) is
considerably less than that of the California Impact Test
(40,000 Ft/1b per cubic foot).

- - Also shown in Figure 3 are the variations in densities
for clayey soils as determined by both methods. The decrease in
density for clays range from -4 to -18 pcf with -12 pcf being
average. 1t is believed that the primary reason for this
difference in densities is excessive degradation of the large
particles in the cla{ey soils by the California Impact Test.
This is illustrated by the following example: On a contract in
District 03 a haul road was in constant use for several hours by
heavy equipment (D.W. - 641's, 95 tons). The soil was classified
as a clay and approximately 10% of the material was oversize
(+3/4").” This haul road had failed to meet the required 907%
relative compaction when using the California Impact Test results
for the maximum test density. However, using the results from
the Experimental Impact Test for the test density, the relative
compaction was 95%. The compacted soil cores from both impact
tests were examined after the densities were determined and it

was found that:

(a) The material from the cores compacted in the
Ccalifornia Impact Test showed all material passed the 1/2" sieve,
and only a small percentage was retained on the #4 sieve. The
absence of larger size aggregates indicated excessive degradation.

{b) The compacted soil cores from the Experimental
Impact Apparatus showed that most of the larger aggregates were
not broken during compaction. It is obvious that the heavy con-
* struction equipment did not degrade the soil.

~8
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Figure 4 represents the distribution of dry densities

: between the Experimental and California Impact Test results for

various types of soils. The California Impact Test results are
represented by "0'' located on the axis of the abscissa.

Figure 5 represents the maximum density for all the
soils tested in the various districts by both impact test methods.
As shown, there is a definite limit where the density results by
the Experimental Impact Test show an increase over the Califormia
Tmpact Test results. This limit ranges from 120 to 130 pcf. and
most sandy soils are in this range. Above 130 pcf. are the gravels
and both impact test results are about the same. In the density
range from 70 to 110 pcf., the two impact test results become
widely separated, and this is the density range for most silt
and clayey soils.

It may be well to point out that in his paper, R. ¥.
Dawson (1) recommends that the expansive clays be compacted to
some minimum density rather than to a maximum. The reason being
the less dense materials might permit underlying clays to swell,
and thus reduce swelling pressure.

Figure 6 is a comparative study of optimum moisture
content determined by the two impact tests.

The optimum moisture content for clays determined by the
Experimental Impact Test is about 8.0% higher than required by the
California Impact Test. For sandy clays, the difference in
optimum moisture contents between the two impact tests is about
3. 0% with the Experimental Impact Test requiring the higher per-
centage of the two tests. For sands, both tests require approxi-
mately the same percentage of water for optimum moisture.

H. B. Seed, and C. K. Chan (2) show that clays compacted
on the dry side of optimum exhibit higher swelling characteristics
and swell to a higher water content than do samples of the same
density compacted on the wet side of optimum.

Based on the studies by Dawson (1), Seed and Chan (2),
it appears that the swelling potential of the expansive clays
can be reduced by moderate compaction on the wet side of optimum.

H. A Singh (3) suggests that expansive clays compacted
moderately and wet of optimum may be stronger than solils
compacted under other conditions.

Figure 7. In this figure the inplace moisture content
from going contracts is compared with optimum moisture content
determined by the Experimental Impact Test.

As shown on the distribution curve for clays, the
average moisture content ie approximately the same. The average
inplace moisture content for sandy clays is about 5% less than
the average optimum moilsture content obtained by the Experimental

Impact Test.

-G
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Figure 8 represents inplace moisture content versus the
optimum moisture content by the California Impact Test. The
distribution ‘curve for clays shows the average optimum moisture
content determined by the California Impact Test is approximately
7.0% less than average inplace moisture content.

Figure 9 represents a comparison of relative compaction
results determined by the California Impact Test and by the
Experimental California Soil M-D Apparatus. It is shown that
41% of all the locations tested in nine districts failed to
meet the required relative compaction when the California Impact
Test results were used for maximum test density. However, when
using the Experimental Impact Test results for maximum test
density, 5% failed to meet the same relative compaction re-
quirements,

STATISTICAL STUDY

After completion of our outlined compaction study,
we made a statistical analysis on data obtained from all clayey
soils tested. As shown in Figure 10, of the 91 clayey soils
tested, at that particular stage of construction, 47% fell below
the 907 relative compaction limit when the California Impact
Test results were used for maximum test density. When the
results from the Experimental Impact Test were used for maxinmum
test densities, only 14% of the clayey soils fell below the 90%
relative compaction requirement.

This, however, does not indicate that 47% of the embank-
ments represented did not meet the specifications. The results
of this study were not obtained using random sampling procedures
and the number of observations varied from project to project,
which no doubt biased the results. However, these figures do
allow a direct comparison between the two testing methods.

SUMMARY

This research project has many promising features, and
reseapch is continuing with various types of qompaction.molds and
procedures., Considerable research is also being done with nuclear
equipment in this field. However, we are not as yet, to the point
where a decision can be made on future compaction testing equip-

ment or procedure.
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FIG. 2A Experimental Impact Apparatus # 5
California Soil Moisture-Density Apparatus

FIG. 2B Model # 5
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VARIATION IN POUNDS PER CUBIC FOOT

FIGURE 3

SANDS | SANDY SILT | SANDY cLAY [cLAYEY sAND| cLAYEY siLT|  cLAY
Z
7
é CALIFORNIA IMPACT TEST
L]
v, Y
2 %
% Z
2
7.

WN

NANNNNNN

AARRRRARRRERR NN

CLb.RD—aninaL

f"("}r\ O


http://www.fastio.com/

FIGURE

VARIATION IN DENSITY BETWEEN CALIFORNIA IMPACT TEST
AND CALIFORNIA SOIL MOISTURE DENSITY TEST
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FIGURE 5

MAXIMUM DRY DENSITY
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FIGURE 6

VARIATION OF OPTIMUM MOISTURE CONTENT
BETWEEN CALIFE IMPACT TEST AND CALIF. MOISTURE DENSITY TEST
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FIGURI

INPLACE MOISTURE CONTENT VS OPTIMUM MOISTURE CONTENT
BY EXPERIMENTAL CALIFORNIA M-D TEST
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FIGURE 8

INPLACE MOISTURE CONTENT VS OPTIMUM MOISTURE CONTENT
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FIGURE 9
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